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B nmaniii po6oTi Hamu 0yJ10 A€TaIbHO NPOaHaANi30BaHO MpolecH ancopouii rasy O,
Ha HaHokiactepax ZnO 3a JOMOMOTOI METOXY MOJIEKYISIPHOI JHHAMIKH.
Bu3HauansHUM KPOKOM Yy CTBOPEHHI KOPEKTHOI Mojeni € BHOIp MOTeHLiary
MDKaTOMHUX 3B’sI3KiB y cuctemi. l1Insxom aHami3y xapakrepy pOpMyBaHHS TaKHX
HAHOCTPYKTYp Ta TOCHJIAIOYMCh Ha JDKEepesia IMpo TOTEHIIand MiKaTOMHHUX
3B’s3KiB, Hamu OyB BuOpanuii moteHiian Reactive Force Field (ReaxFF). [lanuii
MOTEHI[ia] pO3pOOICHUH ISl IIMPOKOTO CHEKTPa XIMIYHUX CIIOIYK, B TOMY YHCII 1
st ZnO, 1 Bke BUKOPHUCTOBYBABCSl HAMH B TIOTIEPEAHIX pOOOTAX 10 MOAECTIOBAHHI
npoueciB (popMyBaHHS HaHOYacTHHOK ZnO B XiIMIYHO-aKTHBHOMY cepenoBumi [1,
2]. ReaxFF e eMmipyn4HAM MOTEHINATIOM, KU MOXOAUTh 3 KBAHTOBOMEXaHIYHUX
00paxyHKiB. [TopsakoBHii 3B’S130K 0C3MOCEPEIHBO OOUYMCIIOETHCA 3 MIKATOMHHX
BIJICTAaHCH 1 OHOBIIOETHCS KOXKHOKO ITEpaIi€r0 i BCiX 3B’SI3aHUX B3a€EMOIIH,
BKJTIOYAIOYM KOBAJICHTHUH 3B’S30K, BaJCHTHICTH Ta TopciiiHI KyTu. Kpim Toro,
ReaxFF ommcye He3p’s3aHi BaHAEPBAaabCOBY Ta KYJIOHIBCBKY B3a€MOJII.
[ToyaTkoBUMH yMOBaMHM MOJENIOBAHHS Oyiu pi3HI KoHQirypamii cuctemu. [ms
JOCJII/DKCHHSI OCHOBHUX IapaMeTpiB 3MIHIOBAJIMCh THCK a3y B CHUCTEMi, po3Mipu
HaHO4YacTHHOK ZnO, a TakoX TemIepaTypy cucreMu. [Ipu BHCOKiH TemmepaTypi
HEBEJIMKI HAHOKJIACTEPH MOYMHAIM IUIABHTHCS BXKE HA IOYAaTKOBUX MOMEHTax
MOJICTIIOBaHHS, a KOJW BHOMpPaINCh 3aHAATO BENMKI HAHOKJIACTEPH, YacH
MOJICTIIOBAaHHS CTAaBAIM IY)K€ BEJIMKHMHM, IO HE JaBAJO 3MOTH IPOCIIJIKYBaTH
CBOJIIOLII0 CHUCTEMH [0 KIHIIEBOIO MOMEHTY MojeifoBaHHi. Tomy Oyna
HEOOXiJHICTH y BHOOpI ONTHUMAaJbHHX II0YaTKOBHX YyMoB. O0’eM cucremu
Bubupascs 8000 HyM’. KIIOYOBMM MOMEHTOM MOJCTIOBAHHS € 3B’S30K CHCTEMH 3
TEPMOCTATOM ISl MIATPUMKH KOHKPETHOi TemriepaTypu cucteMu. OCKiIbKH
3HaYHa KITBbKICTh €HEpril BUAUILIACH B IIPOLEC OKHCIEHHS HAHOKIACTEPIB, TO
Takui 3B’SI30K HEOOXITHMH Uil TOro, 00 YHUKHYTH JOJAaTKOBHX Ii/IBUILIECHB
TemriepaTyp. Y pealbHHX eKCIIepUMEHTaX el 3B’SI30K 3a0e3MeuyeThcsl IHEpTHUM
YM pPEaKTHBHMM Tra3oM. Y HauloMy KOMIT IOTEpHOMY MOJIEIIOBAaHHI, KOHTPOJb
TeMIiepaTypH 3abe3reuyBaBcsi 3 BUKOPHCTaHHIM METOAy TepMmocrarta bepencena.
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[Ipotsarom mozenroBaHHs 300pakeHHsI cucteMu 30epiranucst koxHi 0,5 nc. [lani
3HIMKH, OKpIM BI3yaJIbHOTO CIIOCTEPEKECHHS, TAaKOX BHUKOPHCTOBYBAIUCS JUIS
aHaiizy (GopMH, po3MipiB, CTPYKTYypH KiHIIEBHX HaHOKJIACTEPIB, 1 JUIS OCHTIIKEHb
Bijanel ancopOOBaHMX MOJEKYJ rasy Ha IOBEpXHI HaHOKiacrepiB. [ns ommcy
a/IcOpOIIHHIX MPOIIECiB BUKOPUCTOBYBAINCS I'padiky MOBHOI €HEprii CHCTEMH Ta
panmianeHoi  yHkuifi posmoxity (RDF), a 18 BuBYEHHS IOBEpXHEBHX
BJIACTUBOCTEH BHKOpHcToByBaBcs CSP meron. Hamni pe3ynmpTaTé MOKa3yroTh, IO
BECh MPOIIEC aAcopOIlii MOKHA PO3IUIATH HA J[BA €TAllH, 1 YMM OLTBIIC THCK Ta3y,
UM Oinbme Monekyn O, nudyHayoTs B 00’eMm HaHokiactepa ZnO. Kpucraniuna
CTPYKTypa NOBepxHi HaHokimactepa ZnO crtae amopdHOO mpu 30UIBIICHHI
KOHIeHTpaii Mosekyn O, B cucremi.

1. Savka S. S., Popovych D. I, Serednytski A. S. Molecular Dynamics Simulations of the
Formation Processes of Zinc Oxide Nanoclusters in Oxygen Environment // Nanophysics,
Nanomaterials, Interface Studies, and Applications. NANO 2016. Springer Proceedings in
Physics. —2016. — 195. — P. 145-156.

2. Savka S. S., Venhryn Yu. L, Serednytski A. S., Popovych D. I. Molecular Dynamics
Simulations of the Formation Processes and Luminescence Properties of Zn-ZnO Core-
Shell Nanostructures // Jouranl of Nano- and Electronic Physics. - 2018. — 10. - 03008(5).

MODELING OF THE FORMATION PROCESSES OF ZnO
NANOPARTICLES FROM THE GAS PHASE BY MOLECULAR
DYNAMICS METHOD

In this work we have analyzed in detail the processes of adsorption of O, gas on ZnO
nanoclusters by the molecular dynamics method. We have been studied the influence of
initial temperature, concentration of gas molecules and initial size of ZnO nanoparticles on
the physical parameters of obtained nanoparticles. Graphs of total energy of the system and
radial distribution functions (RDF) were used to describe the adsorption processes, and
centro-symmetry parameter (CSP) analysis was adopted to study the surface properties.
Our results show that the whole process of adsorption can be divided into two stages, and
the greater the gas pressure, the more O, molecules are diffused into the volume of the
nanoclusters ZnO. The crystalline structure of the surface of the ZnO nanocluster becomes
amorphous with increasing concentrations of O, molecules in the system.
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